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Abstract. Currently, in Vietnam, almost asphalt pavement projects are using virgin, non-
renewable materials (i.e., aggregates and bitumen) to produce conventional hot mix asphalt
(HMA). Meanwhile, in developed countries, such as United States, European countries and
Japan, the tendency of replacing HMA technology with warm mix asphalt technology
(WMA) combined with reclaimed asphalt pavement (RAP) is gaining attention. WMA can
be produced and paved at lower temperatures, reducing energy consumption and greenhouse
gas emissions. The use of RAP can reduce the demand for non-renewable resources. This
paper presents the results of energy demand and greenhouse gas emissions (CO2, N.O and
CHys) in the mixing process of warm mix asphalt with reclaimed asphalt pavement (WMRAP)
in comparison with those of traditional HMA. Zycotherm, a chemical additive, was used in
WMRAP technology with a dosage of 0.15% by weight of the bituminous binder. Various
RAP percentages in range of 20+50% were used in WMRAP. Based on the calculated results,
it was determined that WMRAP technology seems to have more environmental benefits in
compare with traditional HMA. Process of WMRAP production provides a reduction of
15.9+29.9% energy consumption and 13.8+25.9% of greenhouse gas emissions, depending
on the content of RAP. As the RAP content increases, the environmental benefits of WMRAP
become even more pronounced.

Keywords: Hot mix asphalt, Warm mix asphalt with RAP, Reclaimed Asphalt Pavement,
greenhouse gas emissions, energy demand.
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Tom tit. Hién nay ¢ Viét Nam hau hét cac cong nghé vat liéu mat dudng st dung ngudn vat
liéu khong tai tao (ct liu va nhua dudng) dé san xuat hon hop bé téng asphalt nong (Hot
Mix Asphalt - HMA). Trong khi d6, & cac quéc gia phat trién nhu My, Chau Au, Nhat Ban
c6 xu hudng thay thé cong nghé bé téng asphalt ndng bang cong nghé bé téng asphalt 4m
(Warm Mix Asphalt - WMA) két hop véi vat liéu mat duong tai ché (Reclaimed Asphalt
Pavement - RAP). Hon hop WMA duoc ché tao va thi cdng ¢ nhiét o thap hon so véi HMA,
vi vay lam giam muec tiéu thu nang lugng va giam phat thai cac khi nha kinh vao moi truong.
Viéc thay thé mot phan cét liéu va nhya duong méi bang RAP cho phép giam nhu cau dbi
véi céc loai tai nguyén thién nhién khong tai tao. Bai bao trinh bay két qua tinh toan nhu cau
tiéu thu nang luong va phét thai khi nha kinh (CO2, N2O va CHg) trong qué trinh san xuét
hdn hop bé tdng asphalt tai ché am (Warm Mix with RAP - WMRAP) va so séanh vai hdn
hop HMA. Phu gia Zycotherm duoc lua chon cho cong nghé WMRAP véi ty 1€ stir dung la
0.15 %. C4c ty I vat lieu RAP tir 20% dén 50% duoc sir dung trong hdn hop WMRAP. Két
qua tinh toan cho thay, cong nghé WMRAP ¢ loi ich vé méi truong hon so véi cdng nghé
HMA. Cu thé, qua trinh san xuat hon hgp WMRAP tiét kiém nhu ciu ning luong tir
15.9+29.9% va giam phat thai khi nha kinh tir 13.8+25.9% tuy thudc vao ham lugng RAP st
dung. Khi ham lugng RAP ting thi cac loi ich vé méi trudng cang rd rét hon.

Tir khoa: Bé tong asphalt nong, bé tong asphalt tai ché am, vat liéu mat duong tai ché, khi
nha kinh, tiéu thu nang luong.

© 2020 Truong Dai hoc Giao thdng vdn tai

473



Transport and Communications Science Journal, Vol 71, Issue 05 (06/2020), 472-485
1. PAT VAN PE

Bé tdng asphalt nong (Hot Mix Asphalt — HMA) 1a mét trong nhitng nganh san xuét vat
liéu xay dyng tiéu thu ning lugng 16n do cbt lidu va chat két dinh nhya duong phai duoc 1am
néng & nhiét o cao (vao khoang 150-180°C). Nhiét lwong cap cho cbt liéu va nhua dudng dugc
ldy tir cAc dang ning lwong khac nhau nhu d6t dau nhién liéu (dau FO, dau DO), than d4, khi
tu nhién; dién; hoi nuwéc qua nhiét; dau truyén nhiét... Hién nay, hau hét cac tram tron bé tong
nhya & Viét Nam sir dung dau nhién liéu FO cho dau @6t tang say cét liéu. i véi nhura duong,
ki thuat gia nhiét phé bién & Viét Nam hién nay 1a gia nhiét gian tiép bang dau dan nhiét trong
hé théng 6ng xodn rudt ga. Dau dan nhiét duge dun néng bang cach ddt dau FO. Viée dbt chay
nhién liéu hda thach nham cap nhiét cho cbt liéu va nhya duong nay 1a ngudn phat sinh mot
lugng 16n céc khi nha kinh, chu yéu bao gom cac khi CO2, CHs va N2O [1,2].

Khi nha kinh 14 nguyén nhan chinh 1am trai ¢at am dan Ién, nuéc bién dang, mat can bang
sinh thai,... de doa nghiém trong dén con ngudi, sinh vat va méi trudng. T6 chirc Khi tugng
Thé gigi (WMO) da canh bao lwong khi gay hiéu ung nha kinh da dat mac ky luc méi trong
thoi gian gan day, bat chap tat ca cac cam két trong Thoa thuan Paris vé bién do6i khi hau [3].
Khéng nam ngoai bbi canh chung cua thé gisi, lugng phét thai khi nha kinh (KNK) & Viét Nam
lién tuc tang, tir mic hon 21 triéu tAn ndm 1990 1én 150 triéu tan nam 2000; dy tinh ting 1én
300 triéu tn vao nim 2020 [4]. Ptng truéc nhitng bién d6i khi hau cuc doan tir hiéu ¢tng nha
kinh, doi héi Chinh phu Viét Nam phai trién khai dong bo nhiéu giai phap nham cat giam KNK
& tat ca cac linh vyuc va nganh nghé.

Céc cong nghé mai trong san xuat hdn hop bé tong asphalt di dwoc nghién ciru phét trién
khong chi nham muc dich cai thién hiéu qua vé kinh té va ky thuat, ma con nham cat giam
luong phat thai KNK, ciing nhu cac loi ich khac vé maéi truong nhu tiét kiém ngudn tai nguyén
tu nhién khong téi tao (c6t liéu va nhua dudng), giam nhu cau sir dung ning lugng va cai thién
diéu kién lam viéc cua ngudi lao dong. Sy can bang téi vu gitra cac yéu t6 ki thuat, kinh té va
moi truong mang lai tinh bén virng cho vat liéu mat duong va dam bao sy chap nhan cua x& hoi
va cac co quan quan 1y nha nuéc tét hon khi ma van dé bao vé méi trudng ngay cang tro nén
cap béach va nghiém ngat.

V& nguyén tac, viéc giam thiéu cac tac dong dén moi truong trong qué trinh san xuat hon
hop bé tdng asphalt c6 thé dat dwoc bang mot sé giai phap [5]. Thir nhat Ia thay thé cong nghé
tron nong bang céng nghé tron 4m nham giam nhiét &6 phéi tron va nhiét do thi cong. Didu nay
ddng nghia véi giam tidu thu nang luong dé gia nhiét cét lidu va nhya duong va giam luong
KNK thai ra méi truong. Thir hai 1a sir dung céc vat liéu tai ché phé bién nhu mit dudng nhya
tai ché, tam lgp nhua duong tai ché, cao su tai ché, hoic cac chat thai xay dung khac it pho bién
hon nhu gach ngdi v&, nhya tai ché, thuy tinh... nham thay thé mot phan nguyén vat liu tu
nhién khong tai tao. Thi ba 1a str dung c6ng nghé tai ché am (két hop cong nghé tron 4m va vat
liéu tai ché) cho phép phat huy hiéu qua méi truong cua ca hai giai phép trén.

Két qua nghién cau cua hau hét cac bao cdo danh gia hiéu qua méi truong cua cong nghé
bé tong tai ché am (Warm Mix with Reclaimed Asphalt Pavement — WMRAP) cho thiy, viéc
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két hop ddng thoi gitta giam nhiét do ché tao va sir dung vat liéu mat duong nhua tai ché
(Reclaimed Asphalt Pavement — RAP) cho phép giam muc tiéu thu nang lugng tur 25-35%,
giam ham luong khi thai gay hiéu tng nha kinh tir 25-40%, va giam tiép xdc voi khéi ¢ céc
tram tron va & cong truong thi cdng tir 30-50% so véi bé tdng nhwa néng truyén théng [6-9].

Cong nghé WMRAP di duogc thé giéi danh gia 1a mot trong nhitng giai phép quan trong
trong phat trién két cau ha ting dudng bo, mang lai nhiéu loi ich vé kinh té, méi truong va tinh
nang k¥ thuat hon so vai cong nghé HMA. Tuy nhién, cdng nghé nay ciing phat sinh mot sb ky
thuat méi so véi cong nghé HMA, nhu nghién sang va gia nhiét bé sung RAP hay viéc pha tron
phu gia voi nhya dudng ciing doi hoi tiéu ton ning lwong bd sung. Nhitng yéu té nay, ngugc
lai, 1am phat sinh thém lwong chat thai trong qua trinh ché tao bé tong nhya. Cong nghé
WMRAP con khd mgi mé ddi véi Viét Nam. Vi vay, dé ap dung cong nghé méi nay, bén canh
nhitng nghién cau vé k¥ thuat, can ¢ nghién ciru tinh toan va luong hoa duge tic dong moi
truong tong cong cua tat ca cac cong doan trong qué trinh ché tao hon hop WMRAP, lam co s&
dé so sanh va danh gia hiéu qua mai trudng cua cdng nghé nay so véi cdng nghé HMA truyén
théng. Mit khac, ddi voi nganh san xuat vat liéu xay dung, hién nay ¢ Viét Nam hoan toan
thiéu co so dir liu vé kiém ké phat thai KNK d6i vdi mat duong bé tong asphalt. Ding tir goc
d6 nay, viéc luong hoéa duge luong phat thai KNK con gop phan cung cép co s dir lidu phuc
vu kiém ké KNK cua qudc gia.

2. NOI DUNG VA PHAM VI NGHIEN CUU

Bai béo trinh bay két qua tinh toan phat thai khi CO2 quy doi va tiéu thu ning lugng dbi
véi cac hdn hop bé tong asphalt tai ché 4m sir dung phu gia Zycotherm va ty 18 RAP sir dung
la 20%, 30%, 40% va 50%. Mau dbi ching 1a hdn hop bé tong asphalt nong. Lugng phat thai
khi CO2 quy ddi va nhu cau tiéu thu nang lugng duoc tinh toan trong pham vi quy trinh ché tao
cac hdn hop bé tong asphalt vai cong nghé tron theo mé. Trong quy trinh ché tao HMA xem
xét cac cong doan chinh, bao gdm: xdc cbt liéu vao phéu nhap liéu, tai cot liéu 1én tang siy; cap
nhiét cho cét lidu méi; cap nhiét cho bitum va cong doan tron hdn hop cét lidu va bitum. Quy
trinh ché tao WMRAP bb sung thém cong doan cap nhiét cho RAP ¢ tang sdy b sung; khuay
tron bitum vai phu gia Zycotherm.

3. PHUONG PHAP TINH TOAN

Theo hudng dan Uy ban Lién chinh pha vé bién déi khi hau (IPCC — nam 2006) [10], c6
ba phuong phap duoc ap dung dé tinh toan luong phét thai KNK trong san xuat céng nghiép:
(i) Xéc dinh bang do dac (do dac nong do cac KNK va luu lugng khi thai ra trén mot don vi
dién tich bé mat trong mot don vi thoi gian trong qué trinh san xuét); (ii) Xac dinh bang can
bang vat chat (tinh toan dya trén can bang vat chét gitta dau vao va dau ra o timg coéng doan
trén ca day chuyén san xuat); (iii) Xac dinh bang hé sb phét thai (Hé sé phét thai 1a ty 1¢ gia
luong khi thai va Iwong san pham chinh hozc lugng nguyén ligu, nhién liéu trong mot qua trinh
cdng nghé hodc mot loai hinh san xuat). Dua trén nhitng wu va nhugc diém cua timg phuong
phép, nhom tac gia chon phuong phap tinh toan luong phat thai KNK theo hé s phat thai dé
thuc hién nghién cau nay.
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Phuong phap tinh toan lwong phét thai KNK bang hé sé phat thai 1a két hop théng tin vé
muc d6 ma mot hoat dong ciia con ngudi dién ra (dwoc goi 1a sb lidu hoat dong hay luong hoat
dong) véi cac hé s phat thai. Vi mdi loai KNK khi thai vao bau khi quyén s& gay tac dong ndng
l&n toan cau khac nhau nén ching thuong dwoc chuyén ddi vé gia tri twong duong vé6i khi CO2
va duoc goi 1a CO, quy d6i hay COzeq bang cach si dung hé s6 GWP (Global Warming
Potential — tiém niang ndng 1én toan cau). Khi do, tong lugng phét thai CO,-eq cua tat ca cac
cong doan trong qué trinh san xuat hon hop bé téng asphalt duoc tinh theo cong thic [1, 10]:

n 3
CO,eq = ZZADi * Q; * EFj » GWP, @Y)
i=1j=1

trong do6: - AD; luong tiéu thu nang luong trong cong doan i (lit dau diesel, kg dau FO
hoac kWh dién...);

- n la s6 cong doan trong quéa trinh san xuat hdn hop bé tong asphalt;

- Qi 1a hé sb chuyén d6i don vi nang lugng st dung trong cong doan i (MJI/lit
dau diesel, MJ/kg dau FO, MJ/kWh dién...);

- EFj 1a hé sb phat thai caa KNK j (g/MJ);

- GWP;j Ia hé sb tiém ning néng 1én toan cau cia KNK j.

Dbi vai cac tram tron bé tdng nhua nong di van hanh nhiéu nim theo quy trinh 6n dinh
thi dinh muc tiéu hao ning lugng dé san xuat 1 tan hdn hop bé tong cé thé xac dinh dugc tir s6
lieu théng ké caa tram tron. Vi vay, luong tiéu thu ning lugng trong cac cong doan san Xuét
hdn hop bé tong asphalt nong dugc khao sét, thu thap tryc tiép tai cac tram tron bé tong va dugc
thé hién trong Bang 1.

Bang 1. Pinh muc tiéu thy nang lwong trong qua trinh san xuat hn hop bé tong asphalt nong.

Céc cong doan trong qua ) Loai nine luon
trinh ché tao hon hgp bé Thiét bi a1 nang luong binh muec tiéu thu
R tiéu thu

tbng asphalt
Xuc cotliuvao pheu 1 14 e Jat Dau diesel 0.25 litftn cét lieu*
nhap liéu
Tai cot liéu 1én tang say | Bang truyén bién 0.80 kWh/tan cot liéu*
Cap nhiét cho cot liéu £ Dau nhién liéu A Al
mai Tang say (dau FO) 6.74 kg/tan cot liéu
Cap nhiét cho bitum ‘ DAu nhién lisu
60/70 (nhya khdéng pha Bon gia nhiét 1\ i 10.0 kg/tan bitum**
ché) (dau FO)

N Lo a Bing gau, sang rung, thiét bj -
Tronhon hop cotlieu, 1 4, 15 oo bhom phun nha | Dién 3.20 KWhitén cét licu*
RAP va nhya duong \ X o

duong, buong tron

* S6 liéu duroc khao sat, thu thdp tgi tram trén bé tong nhia ndng Tan Cang thugc Cong ty cé phan dau tiwr
xay dung BMT (Pja chi tram trén: Ap Tan Cang, Xa Phwéc Tan, TP. Bién Hoa, Tinkh Pong Nai).

** 54 liéu duoc khao sat, thu thdp tai tram trén bé téng nhyra néng Bén Lizc thuge Cong ty cé phan dau tur
xay dung BMT (Pja chi tram trén: Lé G, Puong S6 1, KCN Nhut Chanh, Huyén Bén Lizc, Tinh Long An).
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Tuy nhién, WMRAP la cong nghé méi dbi vai Viét Nam va cac du 4n san xuat méi chi
dirng lai & mirc d6 thi diém nén chwa c6 s6 liéu théng ké vé dinh mac tiéu thy ning lugng. Vi
vay, dbi véi cac mau WMRAP, luong tiéu thu nang lugng dugc xac dinh dya trén nhiing gia
dinh nhu sau:

(1) Luong tiéu thu ning lugng cua cac cong doan khdng phu thudc vao nhiét do ché tao
hon hop bé téng (xuc cét liéu vao phéu nhap liéu; tai cét liu, RAP 18n tang sy, tron cot liéu,
RAP va bitum) duoc iy bang dinh mic nhu dbi véi hon hop HMA.

(2) Viéc pha tron bitum 60/70 (dd duoc lam nong) duoc thuc hién bang thiét bi khudy
tron voi muc tidu thu dién wdc luong bang 0.5 KWh/tan bitum.

(3) T6n that nhién liéu trong cong doan say cbt lieu, RAP chi phu thudc vao d@o chénh
léch gitra nhiét do say va nhiét do moi truong [11] va dugc tinh toan dya theo céc cong thuc:

Amyma _ Atgma )
Amymrap  AtwMmrar
Ampma  Atgma 3)

Amgpap  Atgap

trong d6: - Amypa, AMymrap VA Amgap lan luot 12 ton that nhién liéu trong cong doan
say cot lieu méi ddi vai hdon hop HMA, WMRAP va sy RAP (kg/tan vat liéu);

- Atgma, Atwmrap VA Atgap lan luot 13 6 chénh Iéch gitra nhiét do say va
nhiét d6 moi trudng trong cong doan say cdt lieu mai ddi véi hdn hgp HMA, WMRAP va say
RAP (°C).

Gia tri Amyya €6 thé xac dinh dua vao do chénh Iéch giira dinh muc tiéu thu nhién liéu
khao sét, thu thap tryuc tiép tai tram tron bé tdng (Bang 1) va luong nhién liéu tinh toan theo Iy
thuyét [11, 12]. Trong dé, lugng nhién lidu theo ly thuyét dé sdy 1 tan cot lieu mai (mkl, ) duoc
xac dinh theo cong thuc:

Exma
thl\‘/IA = Qro (4)

véi Eguma 12 nhiét lugng can cung cap cho cot liu (MJ/tan cét lidu) va Qgo 1a hé sé
chuyén dbi don vi ning luong cua dau FO (MJ/kg).

Gid tri Eyma duoc tinh toan theo biéu thuc [9, 12, 13]:
Erma = Cag * (tuma — to) + W Cy, * (100 — t) + W x Ly + W * Cyqp * (tma — 100) (5)
agr Cw V& Cyap 1an luot 12 nhiét dung riéng cuia cét liéu, nuée va hoi nude (kJ/kg.do);

L, la nhiét hoa hoi ciia nude (kJ/kg); W 1a d6 4m trung binh cua cét liéu (%); tgma Va to 1an
luot 12 nhiét do say cét liéu va nhiét d6 moéi truong (°C).

trong do: C

Luong nhién liéu theo Iy thuyét dé sdy cét lisu mai va RAP ddi véi hon hop WMRAP
dugc tinh tuong tu theo cdng thic (4). Trong d6, nhiét lwong can cung cip cho cot lidu
(EwMmrap) V& RAP (Egap) dugc tinh theo cac cong thuc:
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Ewmrap = Cag * (twmrap — to) + W * C, * (100 — tg) + W Ly
+W x Cyap * (twmrap — 100) (6)

Erap = Crap * (trap — to) + Wrap * Cy, * (trap — to) (7)

V6i twmrap VA trap lan luot 12 nhiét do say caa cdt lieu méi va RAP ddi véi cac hdn hop
WMRAP (°C); Crap la nhiét dung riéng ciia RAP (kJ/kg.dd); Wrap l1a @6 4m trung binh caa
RAP (%).

Luong tiéu thu nhién liéu dé say 1 tin cét liéu méi va 1 tin RAP d6i véi cac hdn hop
WMRAP dugc tinh theo céng thuc:

_ LT

Mwmrap = Mymrap T AMywMmRAP (8)
LT

Mgap = Mgap + AMpyp %)

Khi @6, dya vao ty Ié thanh phan thiét ké s& tinh duoc luong tiéu thy niang luong trong
cac cong doan ché tao 1 tan hdn hop bé tong HMA va WMRAP.

Thanh phan thiét ké cac hdn hop bé tong HMA va WMRAP duoc thé hién trong Bang 2.
Céc thong so gia nhiét cét lieu, RAP va bitum 60/70 trong qua trinh ché tao hdn hop HMA va
WMRAP duoc thé hién trong Bang 3.

Bang 2. Thanh phan thiét ké cua hdn hop WMRAP va HMA.

Loai hon hop bé tong
Thanh phin HMA WMRAP
-500
0% RAP Z-20% RAP | Z-30% RAP | Z-40% RAP ZR?A(\)P/O
RAP, % - 19.0 28.5 37.9 47.4
ba 10-19, % 19.2 95 95 6.6 6.6
ba 5-10, % 28.8 20.0 16.1 14.2 8.5
ba0-5 % 43.2 42.8 38.0 33.2 30.3
Bot khoang, % 3.8 3.8 2.8 2.8 1.9
Nhua duong trong
RAP. % 0.8 11 15 1.9
Nhya duong mai, % 5.0 4.2 4.0 3.7 3.4
Téng, % 100 100.0 100.0 100.0 100.0
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Bang 3. Céc thdng sé gia nhiét cbt lidu, RAP va nhya duong
trong qué trinh ché tao hdn hop HMA va WMRAP.

o Loai hon hop bé tong nhya

Thoéng s6
HMA WMRAP

Nhiét 6 say cot lisu méi, °C 180 160
Nhiét d6 tron hon hop bé téng, °C 165 135
Nhiét @6 lam néng nhya duong, °C 150 -
Nhiét d6 lam néng nhya duong pha tron i 150
Zycotherm, °C
Nhi¢t do gia nhiét RAP trong cong ngh¢ ) 80
WMRAP, °C
Nhiét o moi truong, °C 30 30
Do am trung binh cua cét liéu, % 1.1 1.1
D6 am trung binh cua RAP, % 1.5 1.5

Gia tri cac dai lugng nhiét dung riéng cua cdt liéu (¢4 magma trung tinh), RAP, nuéc va
nhiét hoa hoi ctia nudc thé hién trong Bang 4.

Béang 4. Gia tri nhiét dung riéng va nhiét hoa hoi.

Thong s6 Giatri Nguon trich dan
Nhiét dung riéng cua cot liéu (C,q) 0.815 kJ/kg.K [14]
Nhiét dung riéng cia RAP (Crap) 092 kJ/kg.K [15]
Nhiét dung riéng cta nudc (Cyy) 4.185 kJ/kg.K [12]
Nhiét hoa hoi ctia nudc (Ly) 2256  kJ/kg [12]
Nhi¢t dung riéng cua hoi nu6c (Cyap) 1.83  kJkg.K [12]

Bang 5. Hé sb chuyén d6i don vi ning luong [17].

3 o N Dau nhién liéu
Nang lugng bién Dau diesel (diu FO)
bon vi kWh Lit kg
Heé sb chuyén dbi don vi ning luong, MJ 3.6 36.845 41.451

Bang 6. Hé sb phét thai KNK.

Loai nang lugong Dau nhién liéu Dau diesel bién*
CO2 77.4 74.1 253.6
Hé sb phat thai, -
g/IMJ CH,4 0.003 0.003
N20 0.0006 0.0006 -
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Céc hé sb chuyén doi don vi nang lugng, hé sé phat thai cia KNK va hé sé GWP cua
ching st dung trong cac tinh toan cua nghién ciru dugc thé hién ¢ Bang 5, Bang 6 va Bang 7.
Trong d6, hé sé phét thai KNK cua tiéu thu nhién liéu dugc iy theo gia tri mic dinh cua Uy
ban Lién chinh pha vé bién d6i khi hau (IPCC — nam 2006) [10], hé sé phat thai ludi dién Viét
Nam duoc lay theo sé liéu cong bé gan day nhat cua Cuc bién doi khi hau (Bo Tai nguyén va
Moi truong) [16].

Bang 7. Hé s6 GWP cua KNK [10].

Khi CO2 CH4 N2O

Hé s6 GWP 1 296 23

3. KET QUA TINH TOAN VA PHAN TiCH
3.1. Két qua tinh toan lwgng tiéu thu nhién liéu cho cong doan siy cét liéu va RAP

Theo két qua tinh toan, lwong tiéu thu dau FO theo 1y thuyét trong cong doan say 1 tin
cot liéu doi voi hon hgp HMA 1a 4.70 kg. Nhu vay, ton that dau FO cta cong doan nay bang:

Ampypa = 6.74 — 4.70 = 2.04 (kg/tan cbt licu)

Céc két qua tinh toan luong tiéu thu dau nhién liéu trong cong doan say 1 tan cbt lidu va
1 tan RAP d61 véi hon hgp WMRAP duogce thé hién trong Bang 8.

Bang 8. Luong tiéu thu dau nhién liu
trong cong doan sdy cdt liéu va RAP ddi voi hdn hop WMRAP.

Cét ligu RAP
Luqr;g dauA nhién li€u theo ly 4.99 1.89
thuyeét, kg/tan
Tbn that diu nhién liéu, kg/tan 1.76 0.68
Luqn% tleuﬁthu dau nhién liéu 6.05 957
thuc te, kg/tan

Nhu vay, luong dau nhién liéu t6n that trong cong doan sdy chiém khoang 40% luong
tiéu thy dau nhién lidu theo tinh toan 1y thuyet Pay 1a hé s6 ton that nhiét trung binh cia cac
mot s6 tram tron bé tong nhya di cong bd trong nghién ciru [18].

3.2. Két qua tinh toan lwgng tiéu thu ning lwgng trong qua trinh ché tao hdn hop HMA
va WMRAP

Dua vao s6 liéu vé muc tiéu thy niang luong trong Bang 1, Bang 8, két hop voi ty 18 cac
thanh phan thiét ké ctia hdn hop bé tong asphalt HMA va WMRAP, c6 thé tinh toan dugc nhu
cau tiéu thu ning luong trong cac cong doan ché tao 1 tin hdn hop HMA va WMRAP. Két qua
tinh toan duoc thé hién trong Bang 9.
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Bang 9. Murc tiéu thu nang lugng trong qua trinh ché tao hdn hop HMA va WMRAP.

Muc ti€u thu nang luong ddi voéi céac loai hdn hop bé

Conod éoai r}éng lugng 1\172‘1 tong
ong doan on vi murc tiéu thy

- - [) - [ - 0, - 0

nang lueng HMA ZR%/O ZR:Z(\)P/O szme ZR?A(\)PA)

Xuc cot liéu vao Dau diesel, lit/tan
shdu nhip liéu b8 tong 0.23 0.23 0.23 0.23 0.23
Tai c6t lidu 1én tang | Pién ning,
shy KWh/thn bé tong 0.73 0.73 0.74 0.74 0.74
Sy cét lidu méi g‘?‘]‘; FO, kg/tan be 6.15 4.38 3.85 3.27 2.75
Shy RAP gi‘; FO, kg/tan b i 049 | 073 | 097 | 122

Gia nhiét bitum PMB | Dau FO, kg/tan bé

o 0.50 0.42 0.40 0.37 0.34
Il tong

Khqu tron bitum va | Pién nang, ) 0.02 0.02 0.02 0.02

phu gia kWh/tin bé tong
Tron hon hop cbt Dién nang,
liéu+bitum kWh/tin bé tong 3.20 3.20 3.20 3.20 3.20

Theo két qua tinh toan, dé ché tao 1 tan bé tong asphalt nong can sir dung 298.07 MJ nang
luong. Mdi cong doan trong quy trinh san xuat HMA c6 nhu cau sir dung ning lugng khac
nhau, trong do, viéc cép nhiét cho c6t liéu méi 1a nguén tiéu thy nang lugng chu yéu, chiém
dén 85% tong mirc tiéu thu nang lwong (Hinh 1). Piéu d6 cho thiy, giam nhiét do siy ct lidu
1a giai phap cit giam tiéu thy nang lwong hiéu qua hon ca so véi cac cong doan khac.

11.52 8.40

4% 3% 2.63 # Xuc cbt liéu vao phéu nhap
~

20.73 o o

7%

® Tai cbt liéu 1én tang siy
M Sy cbt liéu méi

H Gia nhiét bitum 60/70 (nhya
khong pha che)

 Tron hon hop cbt lidu+bitum

Hinh 1. Ty trong tiéu thu ning luong cia cac cong doan trong qua trinh ché tao hdn hop HMA.

Két qua tinh toan nhu cau tiéu thu ning luong trong qué trinh ché tao hdn hop WMRAP
sir dung phu gia Zycotherm dugc thé hién trén Bang 10 va Hinh 2. Theo két qua tinh toan, tly
thudc vao ty 1€ RAP, str dung cong ngh¢ WMRAP dé giam nhiét do séy cbt liéu méi 20 °C cho
phép giam nhu ciu tiéu thy nang luong tir 18.9% dén 32.5% so v&i cong nghé bé tong nong
truyén thong.
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Bang 10. Tong nhu cau tiéu thu nang luong va hiéu qua giam tiéu thy nang luong cua cdng nghé
WMRAP so vai cong nghé HMA.

5 L Z20% | z-30% | Z-40% | Z-50%
Hon hop bé tong HMA 1 Rap RAP RAP RAP

Tong nhu cau tiéu thu nang luong, MJ/tan| 298.07 | 241.64 | 229.19 | 213.85 201.25

Hiéu qua giam tiéu thu nang lugng cua
cong nghé WMRAP so véi cong nghé 18.9 23.1 28.3 325
HMA, %

| | |  Xuc cdt liéu vao
Z-50% RAP phéu nhap liéu

Tai ct ligu 1én tang
say

Z-40% RAP e
Say cot liéu moi

Z-30% RAP

B Gia nhiét bitum
60/70

Hon hop bé tong asphalt

Khudy tron bitum va

7-20% RAP I

phu gia
HMA o . - . A1 X %
Tiéu thu nang lwgng, MJ/tan bé tong Tron hon hgp cot
! I | 1 1 1 | 11éu+bltllm

0.00 50.00 100.00 150.00 200.00 250.00 300.00

Hinh 2. Nhu cau tiéu thy ning lugng trong qua trinh ché tao hdn hgp WMRAP va HMA.

Ham lugng RAP thay thé ¢dt liéu méi c6 anh huéng dén muc tiéu thy nang lugng trong
qua trinh ché tao hdn hop WMRAP, cy thé khi ting ham lugng RAP thi mirc tiéu thy ning
lugng giam (Bang 10).

Két qua tinh toan tong lugng phat thai KNK trong qua trinh san xuat hdn hop WMRAP
va HMA dugc thé hién trén Hinh 3.
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Hon hop bé tong asphalt Hén hgp bé tong WMRAP
Hinh 3. Té)ng lugng phat thai KNK trong qué Hinh 4. Muc giam phét thai KNK cua cong
trinh ché tao hon hop WMRAP va HMA. nghé WMRAP so véi cong nghé HMA.

Theo két qua tinh toan, qua trinh san xuat hdn hop HMA phat thai 25.8 kgCOzeq/tin vao
khi quyén. Trong khi d6, tit ca cac mau WMRAP déu c6 muc phat thai KNK thap hon so véi
mau HMA. Luong phat thai KNK phu thudc vao ham lugng RAP sur dung dé thay thé cdt lieu
moi. Khi tang ham lugng RAP tir 20% 1én 50% thi phat thai KNK giam tir 17.1% dén 29.3%
so voi mau HMA (Hinh 4).

4. KET LUAN VA KIEN NGHI

Tir nhitng s6 liéu thyc nghiém va tinh toan mirc do tiéu thu niang luong va phat thai KNK
ctia cong nghé bé tdng asphalt tai ché 4m va cong nghé bé tdng asphalt néng truyén thong, mot
sb két luan sau duge dua ra:

- Cong nghé bé tong asphalt tai ché 4m tiét kiém ning lwong tir 18.9% dén 32.5% va giam
phat thai KNK tir 17.1% dén 29.3% so v6i cong nghé bé tong asphalt nong truyén thong;

- Cong nghé bé tong asphalt tai ché am giam dugc nhu cau khai thac va sir dung tai nguyén
tu nhién khong tai tao do mot phan ¢t liéu va nhwa duong méi duge thay thé bang vat liéu mat
duong asphalt cii va giam nhu cau sir dung dat dé chon lap phé thai xay dung (RAP).

- Tém lai, céc loi ich vé moi truong dat dugc cuia cong nghé bé tong asphalt tai ché 4m
da gop phan cai thién va giam thiéu cic van dé vé moi truong cho nganh cong nghiép san xuat
vat lidu xay dung. Bén canh do, viéc cat giam phat thai KNK cho phép cic tram tron bé tong
nhua c6 thé duge lép dat & gﬁn cac khu dan cu, noi c6 nhu cau st dung loai vat liéu xay dung
nay cao va dong thoi ciing c¢6 cac yéu cdu nghiém ngit hon vé méi truong.

LOI CAM ON

Két qua cong bé trong bai bao 1a mot phan ndi dung nghién ctru caa dé tai trong diém cap

Qudc gia c6 Ma sb KC.02.16/16-20 duoc tai trg bai Bo Khoa hoc va Céng nghé.
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